I n this paper, we focus on invariant texture segmentation, and propose a new method using circular Gabor filters (CGF) for rotation invariant texture segmentation. The traditional Gabor funclion is modified into a circular symmetric version. The rotation invariant texture features are achieved vi0 the channel output of the CGF. A new scheme of rhe selection of Gobor parameters is also proposed for tezture segmentation. Experiments show the eflcacy of this method.
Introduction
Texture is a basic cue for human beings to recognize objects. Research on texture is a very important task in computer vision and its applications. It has been a very active topic in the past three decades.
There are several research focuses in the field of texture analysis, mainly including texture classification, texture segmentation, texture synthesis, shape from texture, etc [I] . Texture segmentation aims at localizing the boundaries between different textures on one textured image plane by classifying pixels based on their texture properties. In recent years, invariant texture analysis has been paid more and more attention due to its increasing importance. A 
Circular Gabor filters and rotation invariance
Gabor filter has been already demonstrated to be a 
(JiT7 F)'
. 
From Equation 4 and 6, we can obtain that P = P' .
That is we have proved that when an image is rotated, its projection onto a circular Gabor wavelet remains the same. This property provides the rotation invariance.
Parameter selection
The selection of Gabor parameters has been a long research focus in the field of Gabor based image processing. A great deal of work (including physiological research and theoretical algorithms) has been done on this important issue [7] This choice implies finer frequency resolutions in lower frequencies than in higher frequencies, i.e. it emphasizes the lower frequencies. This choice may result in very good texture representation.
However, good reconstruction does not mean good segmentation (see [20] for more details). Furthermore Chang and Kuo [I91 have Our choice of Gabor filters does not consider the very high frequency band of image (0.4-0.5). This can also be seen from Fig. 4 . That is the Fourier response of the Gabor filter does not cover comers of frequency domain. This is due to the following reasons: ( I ) most of the spectral energy of natural image often centres at low frequency. There is very little energy at high frequencies [I] . (2) Furthermore, it can keep the computational efficiency. It is obvious that convolution of an image in their spatial domain will inevitably result in a high computational cost. To avoid this, we implement the convolution in the frequency domain. 
Texture segmentation
The output of the Gabor channel represents texture information at different spatial frequcncy. Far texture segmentation, we should define the texture measurements on the filtered image. We calculate the texture features from the corresponding filtered image as follows:
@ ( x , Y ) = r * ( x , y ) @~, y ) (9) where r * ( x , y ) is the energy of the filtered image of each channel, @ represents convolution and m(x.y) is the mask used to localize the region to obtain texture measurement. Mask windows of large size tend to produce the more reliable hut coarse texture measurements. They are not suitable for texture boundary localization. Mask windows of small size can produce finer texture measurements, but of less robustness. In our experiment, we use the Gaussian window to estimate the local texture energy. The window sire is determined by its standard deviation 6, . We choose 6, = 2 6 (here 6 is the scale parameter of a circular Gabor'Filter. See Equation (7)) which has already been found suitable for texture segmentation [4] [12][ [20] . Suppose that for a given texture image, a series of Gabor channel output can be represented as q (x, y ) i = 1 , 2 , 3 
Experimental results

Conclusions
In this paper, we have presented a new rotation invariant texture segmentation method based on circular Gabor filters. The projection of images onto circular Gabor filters is rotation invariant in nature. We have discussed the problem of filter parameter selection. A new scheme of central frequency selection is also proposed. Our experiments show that this scheme demonstrates good performance in rotation invariant texture segmentation. Further research focus may be on testing the efficacy o f this method on noisy images.
Moreover, how to reduce the number of channels without compromising the segmentation results is an interesting problem to be investigated.
